Plant use in arid regions is facing an enormous challenge. Deserts are under threat from development and over-grazing, and they are expanding at an alarming rate. The issue of plant use for landscape, environmental and horticultural purposes in desert environments is part and parcel of the issue of sustainable development in these regions and in the Middle East and the issue of water is a highly politicised one. It has been said that here, water and not oil is the chief threat to regional peace. There is thus a great need to find and use plants that are drought-and salinetolerant, in order to grow well and to save water. The introduction of foreign, alien species into the Negev Desert in southern Israel and elsewhere has caused enormous problems, altering ecological systems and the intrinsic character of the local landscape. The use of foreign alien species that are heat tolerant and may be drought tolerant is no longer universally acceptable. There is a critical necessity to preserve and enhance the ecological and landscape integrity of desert environments. In the Negev Desert, native plants have largely been ignored for use although they appear to offer a means towards more sustainable development and the protection and enhancement of the environment. However, the placement and type of use needs to be determined. Thus a new landscape paradigm has been developed which appears appropriate for most desert and indeed other landscape areas. This paradigm advocates the use of native plants but places this use within the context of various landscape zones found in the desert. The introduction of the "middle landscape" is an important zone within this model as it is here, in particular, in these in-between areas that resources such as water can be saved and where ecological and landscape values can be enhanced.
INTRODUCTION
One of the main differences between our century and previous times is that we have begun to understand the effects we are having on our planet and the impacts even small actions can have on the environment. The issue of sustainable development is a relatively new issue despite some past societies in history having learned to live within their environment without destroying it. For example, the Nabateans at Avdat in the Negev Highlands who used water harvesting systems to direct water from the uplands to the lower lands.
In desert areas, even small actions can have significant effects. Whether it is a positive effect or a negative effect may be debatable. This can be illustrated, for example, in a dry wadi bottom, i.e. a dry riverbed, with the species Phoenix dactylifera, the date palm which has been found by the author. It is not exceptional to find date palms in the desert, but to locate an isolated specimen in an area where there are no other palms for many kilometres is indeed unusual. So how did it get there? Firstly we can tell that it did not get there deliberately because there are no settlements nearby and it has not been managed into a date producing tree. There are two ways it could have established itself. Either it could have been deposited within a dropping by a bird or some other animal such as a camel or a donkey. But the more likely scenario is that either the date was accidentally dropped by a passing Bedouin or the date kernel was discarded after the fruit was eaten. By chance it landed at the bottom of the wadi where the situation was conducive to its establishment and continued growth. In many respects this act of chance 40 may be seen as being good, although the species is unlikely to be native as there are very few other trees in the area and those that are found are all Acacia species. It may be seen to be good also because in ecological terms it provides shelter and nesting places for native birds, rodents and insects and also it has a positive effect on the physical and visual landscape character of the area.
However there are many plant introductions to the desert that are less than welcome. This is particularly so in the northern Negev Desert, where one of the archenemy is Nicotiana glauca (Fig. 1) . This tobacco plant originates in South America and the reason for its introduction into the Middle East is unknown. (It was also introduced into South Africa and Namibia.) The plant has found its niche in the wadis and roadsides of the desert and here it has established itself in the thousands with yet unknown ecological consequences. The negative or positive landscape consequence has yet to be determined but as far as the author is concerned the impact is detrimental, as the character of the landscape has been artificially altered.
The question may well arise with regard to why such an alteration should diminish landscape character and quality as well as ecological integrity. Two more examples may explain this. The Ottomans as well as the British and Jewish settlers planted Eucalyptus and other species in the Negev desert (Fig. 2) . The planting of drought tolerant Eucalyptus trees has occurred throughout the desert regions of the world as well as in other regions. These trees have been established with remarkable success and now they provide shade for any passers-by, including Bedouin shepherds, army personnel and tourists, and provide an alternative 'green scene' within the bleak environment. So what is the problem? The concern is two-fold. In the first instance, the trees have altered the character of the landscape so that the Negev desert is starting to look like an Australian desert. The trees appear visually misplaced in the environment. They are twice to three times the size of any native tree and their form and leaves are out of character for desert trees. In the Negev Desert most plant species have small leaves or adapted leaves as with Tamarix nilotica, which help them to reduce evopotranspiration. Furthermore most desert trees are broader rather than being tall. Tall trees appear 'wrong' in the desert unless they are located alongside a water source such as Populus euphratica, found at Ein Avdat where there is a perennial water supply. It is an interesting question as to why trees should generally appear to be broader rather than taller in desert environments but it can be seen that a broader tree creates more shade (Figs 3 and 4) . Finally, the reason for the incompatibility of the Eucalyptus in the non-Australian desert environment is that it impacts on ecological character. It is with dismay that the author has found self-seeded Eucalyptus species growing far away from any planted species. A further example of this ecological impact relates to another Australian species, namely, Acacia longifolia. Once again the author has located this species many kilometres away from it source. This time the trees were found within a nature reserve of Wadi Zin, amongst the native Tamarix nilotica. And this is just the beginning. The planting of grasses and other annuals and perennials may have far greater effects. For example, what is going to happen if the grass, Pennisetum setaceum, planted at the Nabatean archaeological ruins at Mamshit, escapes into the adjacent wadi?
The recommendation of this paper is not to advocate the exclusive use of native plants but to understand how and where native plants can be best utilised towards more sustainable development. In order to do this, the existing landscape and horticultural paradigm must be analysed and then if this is found wanting a new paradigm should be developed.
LANDSCAPE PLANTING PARADIGMS
Hunt (2000) draws attention to a tripartite paradigm for the garden or "any piece of landscape architecture". He divides the world into three natures which is based on the ideas of the 16 th century Italian humanist Jacopo Bonafadio who "reads the landscape, with its gardens" as a "trio of natures" (Fig. 5 ). For Hunt, the 'First Nature' is nature as in wilderness. The 'Second Nature' is agriculture/urban development. This consists of what he calls the 'middle landscape' and includes the places and spaces where people live, i.e. "places where humans have made over the environment for the purposes of survival and habitation, where labour and productivity dominate, and where traces of that work are everywhere visible" (Hunt, 2000) .
The term middle landscape can be confusing as it is used by many theorists to mean many different things. For Porteous (1996) it equates to the pastoral and bucolic ideal. For Hunt (2000) 'Third Nature' is the garden. Porteous (1996) sees the garden as "nature transformed into an idealised conception of landscape form". Hunt uses the phrase 'third nature', which is taken from Bonafadio and Taegio where initially the phrase referred to villa gardens, and says that the term can be "extended to describe, as was implicit in Bonfadio's letter anyway, those human interventions that go beyond what is required by the necessities or practice of agriculture or urban settlement" (Hunt 2000).
Hunt's broad tripartite landscape paradigm, is a useful theoretical starting point, which helps towards an understanding of our environment in the past as well as today. But it appears that it does not cover the full range of landscape types that may be found around the world, in deserts and in the Negev as well. In order to be useful in understanding and determining landscape strategies as far as planting is concerned and to better illustrate the broad landscape zones apparent in our present world it is possible to expand on and re-arrange the paradigm (Fig. 5, right) . It can be argued that rather than Hunt's three Natures, we have four Natures as main categories with two sub-categories as follows:
Main Category -First Nature
The First Nature is 'Wilderness' with a capital W. The term is used in a qualitative and descriptive sense, but is much more rigorous than that as described by Porteous (1996) for whom, Wilderness "involves wild, uncultivated, unspoiled land inhabited by wild creatures and where humans are only visitors.". However, for this paradigm, 'Wilderness' describes landscape character zones that are untamed, unmanaged and unadulterated by man and are usually remote. The landscape character of these natural habitats is determined by the climatic, geological and the geo-morphological character of the area. They usually include areas where climate is extreme and include the hot and cold deserts, Polar Regions, some mountain regions and some tropical rainforest areas. They would include areas where man never or seldom treads. In Israel and the Negev there would be very few areas such as this, although small pockets of untouched areas are likely to be found, for example, in the higher reaches of the Eilat Mountains. Even apparently remote and untouched areas are likely to be traversed either by Bedouin and their flocks, the military, or hikers and other tourists.
Main Category -Second Nature
Second Nature is wilderness with a small w. Hunt (2000) points out how areas of 'Wilderness' or First Nature as he calls it, can be altered. He uses the example of the climbing of Mt. Everest where with its "abandoned oxygen canisters and dead bodies" First Nature can be "colonised physically as well as metaphysically". Thus, these areas appear to be untouched by man but in many cases these have been altered and colonised by man. In the Negev, many of them are natural habitat areas that are managed as wildlife/nature reserves. They may also include military ranges and be areas of open pasture and rangeland that are utilised for grazing by local peoples. They are generally areas that are less remote than 'Wilderness' and may in fact abut settlement areas and agricultural areas. Some of these are open to various intensities of tourist/management activity. The underlying landscape character is determined by the climatic, geological and geo-morphological character of the area, but man has had some influence in determining the character of the landscape through management regimes, grazing practices, roads, paths, picnic sites, and through other controls. In the Negev there are many such areas which form part of protected national parks and nature reserves.
Main Category -Third Nature
Third Nature is agriculture. (Hunt groups agriculture and human settlement together and calls this the 'middle landscape'.) In this part of the paradigm, agriculture is seen to be a landscape zone in its own right. Agricultural landscapes, like inhabited areas usually have a recognisable underlying structure. These structures are generally apparent in the creation of fields and paddocks, field boundaries of walls, hedgerows, markers and drainage ditches as well as drainage and irrigation structures, etc. But the practice of growing crops and keeping animals creates a very different landscape character and form and is thus very distinct from inhabited areas. This type of landscape also varies in landscape character depending on the region and its climatic, geological and geomorphological character and by the agriculture methods used over time. In the Negev the present agricultural landscapes range from large open fields, irrigated croplands, fruit orchards, glasshouses, dairy paddocks, and chicken sheds within kibbutzim and moshavim to small valley and lower hillside wheat and barley fields. The grazing of Bedouin flocks occurs mainly on wilderness with a small "w".
Main Category -Fourth Nature
Human settlement is the Fourth Nature in this revised paradigm and the landscape character of these developments not only depends greatly on the climatic, geological and geo-morphological character of the area but also on cultural factors. Settlement in the Negev takes the form of kibbutzim and moshavim as well as small towns and larger cities. These are characterised by an organised infrastructure of roads and civic, public, commercial and domestic buildings as well as open space areas. Bedouin who have not been integrated into towns have created temporary settlements with an organic pattern of temporary tents and corrugated zinc houses and dirt tracks.
The First Sub-Category -The Garden
This sub-landscape character area corresponds to Hunt's Third Nature. It is the Garden. There are many definitions of what constitutes a garden. As with 'art' it would be futile and unwise to try and limit its scope and intent. But the garden may be seen to constitute areas, which generally have ornamental horticultural elements and are purposefully designed, created and maintained by individuals or groups as aesthetically pleasing spaces. (These areas include tracts of land that are designed for aesthetic delight as well as physical use). They generally require high input, are high cost and require high maintenance. They generally are use areas; places and spaces that are meant to be well visited and/or well looked at and are designed and maintained to benefit the viewer and user. (There is little point in having a garden if it is not used or looked at).
Within the context of this paper it is proposed that gardens in desert areas should not be restricted. This is especially the case of private gardens, which may be based on the classical European conception of the garden as "an extension of the house into a natural environment" (Jellicoe 1966). People's gardens may provide a kind of paradise or at least outdoor rooms formed in many styles and characters. Some of these may indeed utilise a natural style based on xerophytic plant material, but others may still want to create a tropical jungle effect. The garden as illustrated in the paradigm diagram shows that it can be located within settlements, within agricultural areas as well as within wilderness. Gardens within settlement areas include many types of private and public gardens. Some gardens may be found in agricultural areas and some agricultural areas may in themselves be seen as gardens where people may find delight in say for example a date palm plantation, where they may sit and picnic. Gardens may be found in wilderness areas where areas around historic sites, car parks and other tourist facilities are interlinked with areas planted as gardens. But these areas should not really be considered to be gardens but 'middle landscape'.
The Second Sub-Category -The Middle Landscape
This sub-landscape character zone relates to those external places within agricultural, settlement and wilderness areas, which are treated as gardens but which if treated differently would be of benefit to the environment and some principles of sustainable development. They would be low cost, use local materials, be ecologically sound, and wildlife friendly etc. They would also be more sustainable in terms of reduced water demands and inputs. In many cases they are secondary-use areas, (but not exclusively so), and their uses can be seen to be secondary. They are areas that usually support other spaces with primary functions and include areas of transition, passage and border/margin boundary zones as well. They include, for example, tracts alongside roads and within the grounds of institutions, e.g. hospitals, universities, research establishments, industrial zones, business parks, military bases and recreation areas. They are often secondary pieces of land that lie between the primary functional pieces of land such as buildings, roads, pathways, gardens, sports fields etc. Within this alternative landscape paradigm, this is the "middle landscape". In most cases they are now treated as 'garden' and where they are treated as garden they are high cost and high maintenance. In cases where they are transition zones and they provide the ecotone between areas influenced by man and wilderness, treating them as garden can have a detrimental effect on the ecological character and quality as well as the landscape character and quality of the landscape.
The argument in the case of this paper is that these areas in the middle landscape should not be treated as garden but as something else. As shown in the Alternative Landscape Paradigm diagram, the middle landscape can fall within the zones 2, 3 and 4 of wilderness, agriculture and settlement and it can overlap with garden. If these areas should not be treated as garden, they also cannot be seen to be 'Wilderness' as they are designed and created by man. However, they could be recreated either as zones of agriculture or as wilderness, i.e. as natural habitat. In many cases treating these areas as agriculture would be unfeasible due to the lie, shape or scale of the land. Road verges, cuttings and embankments for example may have difficult and dangerous access, be steep and divided into many parts and may be subject to pollutants from vehicles. Furthermore agriculture can in itself be high cost and high maintenance. It is more feasible then to treat the middle landscape as wilderness (with a small "w") i.e. as natural habitat where topography and the scale of the land are not so important and where cost and maintenance demands are likely to be low. Treating these areas as habitat also has advantages in creating ecological and landscape character benefits.
The kind of hierarchical landscape paradigm advocated above is similar to one of the methods used in xeriscaping, (water efficient landscape design), termed 'hydrozoning irrigation' by Jones and Sacamano (2000) (Fig. 6 ). This hierarchical approach to irrigation divides the landscape into zones from the wettest to the driest. The wettest areas should be the smallest areas and these mini-oases can include areas of lawn and other high wateruse treatments. These areas are high use or are located close to high activity areas, but they should not be larger than necessary to satisfy user needs. Beyond these high-water areas there is a zone where plants will use substantially less water. This can be a transitional zone between the small lush area of high water-use and an even lower water zone near the perimeter. One of the goals for this low-water zone is that little or no water may be required after establishment. This penultimate zone leads on to a final zone, which is populated by the most drought-tolerant plants where only infrequent water is envisaged. (Jones and Sacamano 2000) . This area is likely to be the largest in size.
The relationship between the alternative paradigm and the hydrological zoning method is clear as wettest and most intensively used zones equate to the garden. Whereas the two drier zones, i.e. the dry transitional zone and the driest perimeter zone equate to the 'middle landscape.'
USING NATIVE PLANTS
Using native plants within developments is one way of correlating man's aspirations with the ecology and climate of the land. In many instances, present landscape architectural planting in desert areas, including the Negev Desert in southern Israel, only correlates planting with climate and not ecology. As suggested previously, this correlation furthermore also ignores the issues of landscape character and landscape quality. Thus planting in arid regions will generally utilise many different so-called drought tolerant plant species from various arid regions around the world to implement certain required landscape and planting objectives. In arid areas, apart from a few cases, there is little evidence of the idea of the need to match plants to land use as well as the site ecology.
It is suggested, therefore, that in many cases the use of native plants may well create more sustainable landscapes and the balance with natural resources makes ecological as well as economic sense as water, maintenance and materials costs are reduced. Using native plant material should reduce water inputs, as well as plant losses. By avoiding the introduction of competitive alien species this use appears ecologically superior. Using native plants can also have benefits for microclimate and soil improvements and is generally non-damaging to landscape character and landscape quality. The use of native plant species furthermore acknowledges the long-term view in contrast to short-term benefits. Native plants have established themselves through a continuous evolutionary ecological process. Using native plants does not disturb the time line from the past into the present and on into the future. In contrast, the introduction of foreign species imposes a new system and an artificial break in this link and the long-term ecological impact is generally unknown. The introduction of alien species is a short-term approach because a) many of the introduced species will not survive without large inputs of water and maintenance and b) the impacts of those that are xerophytes or halophytes and can adapt to the conditions are mostly unknown and indeed can turn out to be pernicious weeds. Examples of such imported species in the Negev, e.g. Nicotiana glauca and Eucalyptus longifolia can upset the ecological balance with as yet unknown detrimental effects.
CONCLUSION
Willens (1977) stated that "it is essential to understand the local ecology and to assess the viability of introducing plants from equivalent environments elsewhere" for example, although Eucalyptus species "transplant successfully, their transpiration rates are so high that their use is precluded in areas of low water availability". Twenty-five years later the statements need to be adapted due to the increase in knowledge and flourishing of ecological and landscape sensibilities. Thus it must be pointed out that there is no such thing as an ecological equivalent and that each local ecology is indeed different from the next. Hence, translocating a species from one particular location to another may have dire unforeseen results.
The problems relating to the of use of plants in arid regions is now much more complex although many still do not see it that way, and plant selection is not only about finding suitable equivalents that will survive in similar conditions. The question we need to ask is not about whether a certain Eucalyptus species will survive or not. We now need to ask ourselves what effects or impacts the planting will have for the future of the environment, ecology and landscape in an area. It may well be possible to plant certain Eucalyptus species in one area, for example an urban area, but in ecological and landscape terms it may definitely not be suitable in another more undisturbed natural location.
As suggested at the start of this paper, we live in the 21 st century and we need to acknowledge our responsibilities to our planet. In order to stop the downward slide towards altering our ecologies and the physical and visual characteristics of the landscape, we must design and implement new paradigms and strategies, which look to the future rather than echoing the mistakes of the past. Figures Fig. 1 Nicotiana glauca -a foreign weed. 
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